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(57) ABSTRACT

An apparatus for inspecting arteriosclerosis of a living
subject, including a pulse-wave detecting device which
detects a pulse wave from a portion of the subject, an
augmentation-index determining device for determining,
based on the pulse wave detected by the pulse-wave detect-
ing device, an augmentation index indicating a proportion of
a reflected-wave component of the pulse wave to an
incident-wave component thereof, so that the arteriosclero-
sis of the subject 1s mspected based on the augmentation
index determined by the augmentation-index determining
device, a wavelorm-related-information obtaining device
which obtains waveform-related information that 1s related
to a change of a waveform of the pulse wave detected by the
pulse-wave detecting device, a display device, an
augmentation-index displaying device for operating the dis-
play device to display the augmentation index determined by
the augmentation-index determining device, and a
waveform-related-information displaying device for operat-
ing the display device to display, 1n addition to the augmen-
tation index, the waveform-related information obtained by
the waveform-related-information obtaining device.

8 Claims, 12 Drawing Sheets
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ARTERIOSCLEROSIS INSPECTING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an arteriosclerosis
inspecting apparatus for inspecting arteriosclerosis of a
living subject based on augmentation index.

2. Related Art Statement

Since a pulse wave that propagates 1n a blood vessel 1s
reflected at a bifurcated or tapered portion of the blood
vessel, a detected waveform of the pulse wave consists of an
incident-wave component produced when blood 1s ejected
from subject’s heart and propagates toward subject’s periph-
eral portion, and a reflected-wave component produced
when an 1ncident wave 1s reflected. Pulse-wave augmenta-
fion 1index, generally known as Al, indicates a proportion of
a reflected-wave component of a pulse wave to an incident-
wave component of the same. Usually, augmentation index
Al 1s determined as a percentage of a value obtained by
dividing, by a pulse pressure of a detected pulse wave, a
difference obtained by subtracting, from a magnitude of the
pulse wave at the time of occurrence of a reflected-wave
component of the pulse wave, a magnitude of a peak point
of an 1ncident-wave component of the pulse wave.

As arteriosclerosis advances, the proportion of reflected-
wave component of pulse wave increases and accordingly
augmentation 1index increases. Thus, augmentation mndex 1s
hopetul as an index used to evaluate arteriosclerosis.

As described above, augmentation index 1s determined
based on the waveform of a pulse wave. However, the
waveform of pulse wave 1s influenced by not only arterio-
sclerosis but also various parameters such as blood pressure.
Thus, the augmentation index determined in the conven-
fional method may largely vary or fluctuate and, at the
present stage, 1t 1s difficult to evaluate arteriosclerosis based
on the augmentation index only.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an arteriosclerosis mspecting apparatus which assures that
arteriosclerosis of a living subject can be diagnosed with
high accuracy based on augmentation index.

The above object has been achieved by the present
invention. According to a first aspect of the present
invention, there 1s provided an apparatus for inspecting
arteriosclerosis of a living subject, comprising a pulse-wave
detecting device which detects a pulse wave from a portion
of the subject; an augmentation-index determining means
for determining, based on the pulse wave detected by the
pulse-wave detecting device, an augmentation index indi-
cating a proportion of a reflected-wave component of the
pulse wave to an incident-wave component thereof, so that
the arteriosclerosis of the subject 1s 1nspected based on the
augmentation imndex determined by the augmentation-index
determining means; at least one wavelorm-related-
information obtaining device which obtains at least one sort
of wavetform-related information that 1s related to a change
of a wavelorm of the pulse wave detected by the pulse-wave
detecting device; a display device; an augmentation-index
displaying means for operating the display device to display
the augmentation index determined by the augmentation-
index determining means; and a waveform-related-
information displaying means for operating the display
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device to display, in addition to the augmentation index, the
waveform-related information obtained by the waveform-
related-information obtaining device.

According to this aspect of the present invention, the
waveform-related-information obtaining device obtains the
waveform-related information that 1s related to the change of
the waveform of the pulse wave, and the waveform-related-
information displaying means operates the display device to
display, 1n addition to the augmentation index, the thus
obtained waveform-related information. When a person
inspects arteriosclerosis of the subject based on the augmen-
tation index, the person can evaluate the augmentation index
while taking into account the waveform-related information.
Therefore, the person can diagnose, with 1mproved
accuracy, arteriosclerosis of the subject based on the aug-
mentation index.

According to a preferred feature of the first aspect of the
present invention, the arteriosclerosis inspecting apparatus
comprises a plurality of waveform-related-information
obtaining devices which obtain a plurality of sorts of
waveform-related information, respectively, each of which
1s related to the change of the waveform of the pulse wave
detected by the pulse-wave detecting device, and the
waveform-related-information displaying means operates
the display device to display, 1n addition to the augmentation
index, the plurality of sorts of waveform-related information
obtained by the plurality of waveform-related-information
obtaining devices.

According to this feature, the display device simulta-
neously displays the augmentation index and the plurality of
sorts of wavetform-related information. Thus, the person can
evaluate the augmentation 1ndex while taking into account
the plurality of sorts of waveform-related i1nformation.
Therefore, the person can inspect, with higher accuracy,
arteriosclerosis of the subject based on the augmentation
index.

According to another feature of the first aspect of the
present i1nvention, the waveform-related-information dis-
playing means operates the display device to display, in
addition to the augmentation i1ndex, a multidimensional
oraphical representation of the plurality of sorts of
waveform-related information obtained by the plurality of
waveform-related-information obtaining devices.

According to this feature, the person can easily observe,
at a glance, the plurality of sorts of waveform-related
information.

According to a second aspect of the present invention,
there 1s provided an apparatus for inspecting arteriosclerosis
of a living subject, comprising a pulse-wave detecting
device which detects a pulse wave from a portion of the
subject; an augmentation-index determining means for
determining, based on the pulse wave detected by the
pulse-wave detecting device, an augmentation index indi-
cating a proportion of a reflected-wave component of the
pulse wave to an incident-wave component thereof, at least
onc wavelform-related-information obtaining device which
obtains at least one sort of waveform-related mnformation
that 1s related to a change of a waveform of the pulse wave
detected by the pulse-wave detecting device; and a
corrected-augmentation-index determining means for
correcting, based on the waveform-related information
obtained by the waveform-related-information obtaining
device, the augmentation 1ndex into a corrected augmenta-
tion index which 1s determined by the augmentation-index
determining means when the waveform-related information
obtained by the waveform-related-information obtaining
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device 1s equal to a pre-set standard value, so that the
arteriosclerosis of the subject i1s inspected based on the
corrected augmentation index determined by the corrected-
augmentation-index determining means.

According to this aspect of the present mvention, the
waveform-related-information obtaining device obtains the
waveform-related information that i1s related to the wave-
form of pulse wave that influences the augmentation index,
and the corrected-augmentation-index determining means
corrects the augmentation index 1nto a corrected augmenta-
tfion 1ndex which would be determined by the augmentation-
index determining means 1if the waveform-related 1nforma-
fion would be equal to a pre-set standard value. Thus, the
corrected augmentation index 1s freed of the influence of
fluctuations of the waveform-related information, and
accordingly a person can inspect, with improved accuracy,

arteriosclerosis of the subject based on the corrected aug-
mentation 1ndex.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features, and advantages
of the present invention will be better understood by reading
the following detailed description of the preferred embodi-
ments of the invention when considered 1n conjunction with
the accompanying drawings, 1n which:

FIG. 1 1s a diagrammatic view showing a circuitry of an
arteriosclerosis inspecting apparatus to which the present
invention 1s applied;

FIG. 2 1s an 1llustrative view showing a state 1n which a
pressure-pulse-wave detecting probe of the apparatus of
FIG. 1 1s worn on a neck portion of a living subject;

FIG. 3 1s an enlarged view of the pressure-pulse-wave
detecting probe of FIG. 2, a portion of the probe bemng cut
away;

FIG. 4 1s a view for explaining a state in which an array
of pressure-sensing elements 1s provided 1n a press surface
of a pressure-pulse-wave sensor shown in FIG. 1;

FIG. 5 1s a view showing an example of a carotid pulse
wave, wc, represented by a pressure-pulse-wave signal,
SM2, supplied from one of the pressure-sensing elements of
the pressure-pulse-wave sensor of FIG. 1;

FIG. 6 1s a block diagram for explaining essential control

functions of an electronic control device of the apparatus of
FIG. 1;

FIG. 7 1s a schematic view showing pressure 1n aorta,
pressure 1n left atrium, pressure 1n left ventricle,
electrocardiogram, and electrophonogram along a common
fime axis;

FIG. 8 1s a flow chart for explaining more concretely a
portion of the control functions of a CPU (central processing
unit) of the control device, shown in FIG. 6;

FIG. 9 1s a flow chart for explaining more concretely

another portion of the control functions of the CPU, shown
mn FIG. 6;

FIG. 10 1s a radar chart displayed at Steps S23 and S24 of
FIG. 9;

FIG. 11 1s a block diagram for explaining essential control
functions of an electronic control device of a different

arteriosclerosis inspecting apparatus than the apparatus of
FIG. 1; and

FIG. 12 1s a flow chart for explaining more concretely the

control functions of a CPU of the control device, shown 1n
FIG. 11.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, there will be described an embodiment of the
present invention in detail by reference to the drawings. FIG.
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4

1 1s a diagrammatic view showing a circuitry of an arterio-
sclerosis mnspecting apparatus 10 to which the present inven-
tion 1s applied.

In FIG. 1, reference numeral 12 designates an inflatable
cull which includes a belt-like cloth bag and a rubber bag
accommodated 1n the cloth bag and which 1s adapted to be
wound around an upper portion 14 of a patient as a living
subject. The cuff 12 1s connected via a piping 20 to a
pressure sensor 16 and a pressure control valve 18. The
pressure control valve 18 1s connected via a piping 22 to an
air pump 24. The pressure control valve 18 adjusts a pressure

of a pressurized air supplied from the air pump 24, and
supplies the pressure- ad]usted air to the cufl 12, or dis-
charges the pressurized air from the cuff 12, so as to control

- 12,

an air pressure 1n the cuif

The pressure sensor 16 detects the air pressure in the cuil
12, and supplies a pressure signal, SP, representing the
detected air pressure, to a static-pressure filter circuit 26 and
a pulse-wave filter circuit 28. The static-pressure filter
circuit 26 includes a low-pass filter that extracts, from the
pressure signal SP, a cuff-pressure signal, SC, representing
a static component of the detected air pressure, 1.€., a
pressing pressure of the cuff 12 (hereinafter, referred to as
the cuff pressure, PC). The filter circuit 26 supplies the
cull-pressure signal SC to an electronic control device 32 via
an A/D (analog-to-digital) converter, not shown. The pulse-
wave filter circuit 28 includes a band-pass filter that extracts,
from the pressure signal SP, a cullf-pulse-wave signal, SM1,
representing an oscillatory component of the detected air
pressure that has prescribed frequencies. The filter circuit 28
supplies the cufl-pulse-wave signal SM1 to the control
device 32 via an A/D converter, not shown. The oscillatory
component represented by the cuif-pulse-wave signal SM1
1s a brachial pulse wave, wb, that 1s transmitted to the cuil
12 from a brachial artery, not shown, of the upper arm 14
being pressed by the cuffl 12.

The present arteriosclerosis inspecting apparatus 10
includes a pressure-pulse-wave detecting probe 36, shown 1n
FIG. 2, that functions as a carotid-pulse-wave detecting
device. The pressure-pulse-wave detecting probe 36 1s worn
on a neck portion 38 of the subject, as illustrated in FIG. 2,
with the help of a band 40. As shown 1n detail 1n FIG. 3, the
pressure-pulse-wave detecting probe 36 1ncludes a
container-like sensor housing 42; a case 44 which accom-
modates the sensor housing 42; and a feed screw 48 which
1s threadedly engaged with the sensor housing 42 and 1is
rotated by an electric motor, not shown, provided in the case
44 so as to move the sensor housing 42 1n a widthwise
direction of a carotid artery 46. With the help of the band 40,
the pressure-pulse-wave detecting probe 36 1s detachably
attached to the neck portion 38, such that an open end of the
sensor housing 42 1s opposed to a body surface 50 of the
neck portion 38.

In addition, the pressure-pulse-wave detecting probe 36
includes a pressure-pulse-wave sensor 54 which 1s secured
via a diaphragm 52 to an mner wall of the sensor housing 42,
such that the sensor 54 1s movable relative to the housing 42
and 1s advanceable out of the open end of the same 42. The
sensor housing 42, the diaphragm 52, etc. cooperate with
onc another to define a pressure chamber 56, which 1is
supplied with a pressurized air from an air pump 38 via a
pressure-control valve 60, as shown in FIG. 1, so that the
pressure-pulse-wave sensor 54 1s pressed against the body
surface 50 with a pressing force corresponding to the air
pressure 1n the pressure chamber 56.

The sensor housing 42 and the diaphragm 352 cooperate
with each other to provide a pressing device 62 which
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presses the pressure-pulse-wave sensor 54 against the
carotid artery 46, and the feed screw 48 and the not-shown
motor cooperate with each other to provide a widthwise-
direction moving device 64 which moves the pressure-pulse-
wave sensor 54 1n the widthwise direction of the carotid
artery 46 and thereby changes a pressing position where the
sensor 54 1s pressed on the body surface 50.

The pressure-pulse-wave sensor 54 has a pressing surface
66, and a number of semiconductor pressure-sensing ecle-
ments (hereinafter, referred to as the “pressure-sensing
elements”) E which are arranged in the pressing surface 66
at a regular interval 1in the widthwise direction of the carotid
artery 46, 1.¢., 1n the direction of movement of the sensor 54
parallel to the feed screw 48, over a length greater than the
diameter of the carotid artery 46. For example, as shown 1n
FIG. 4, fifteen pressure-sensing elements E(a), E(b), . . .,
E(o) are arranged at a regular interval of, e.g., 0.6 mm.

The pressure-pulse-wave detecting probe 36, constructed
as described above, 1s pressed against the body surface 50 of
the neck portion 38 right above the carotid artery 46, so that
the pressure-pulse-wave sensor 54 detects a pressure pulse
wave (1.€., a carotid pulse wave, wc) which is produced from
the carotid artery 46 and 1s propagated to the body surface
50, and supplies a pressure-pulse-wave signal SM2 repre-
senting the detected carotid pulse wave wc, to the control
device 32 via an A/D converter, not shown. An example of
the carotid pulse wave wc represented by the pressure-pulse-
wave signal SM2 continuously supplied from the pressure-
pulse-wave sensor 30 1s indicated at solid line 1n FIG. S.

Back to FIG. 1, the arteriosclerosis inspecting apparatus
10 further includes an electrocardiograph 68, a heart-sound
microphone 70, and an input device 72. The electrocardio-
oraph 68 includes a plurality of electrodes 73 that are
attached to a body surface of the subject such that the
subject’s heart 1s positioned between the electrodes attached.
The electrocardiograph 68 detects, through the electrodes
73, an action potential of the cardiac muscle, and supplies,
to the control device 32 via an A/D converter, not shown, an
clectrocardiogram signal, SE, representing the detected
action potential.

The heart-sound microphone 70 1s attached, with an
adhesive tape or the like, not shown, to a chest of the subject,
not shown. The microphone 70 incorporates a piezoelectric
clement, not shown, which converts heart sounds produced
from the subject’s heart, into an electric signal, 1.c., a
heart-sound signal SH. A heart-sound-signal amplifier 74
includes four sorts of filters, not shown, which cooperate
with one another to attenuate a low-pitch component having,
a great energy and thereby amplifies and filters a high-pitch
component of the heart-sound signal SH supplied from the
microphone 70. The heart-sound signal SH amplified and
filtered by the amplifier 74 1s supplied to the control device
32 via an A/D converter, not shown.

An mput device 72 includes a plurality of keys, not
shown, which are operated by an operator such as a doctor
or a nurse to mput a stature, T, of the subject. The 1nput
device 72 supplies a stature signal ST representing the
inputted subject’s stature T, to the control device 32.

The control device 32 1s provided by a so-called micro-
computer including a CPU (central processing unit) 76, a
ROM (read only memory) 77, a RAM (random access
memory) 78, and an I/O (input-and-output) port, not shown.
The CPU 76 processes signals according to the control
programs pre-stored i the ROM 77 by utilizing the
temporary-storage function of the RAM 78, and supplies
drive signals via the I/O port to the air pumps 24, 538 and the
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pressure control valves 18, 60 so as to control the cuif
pressure PC and the pressure 1n the pressure chamber 56.
Moreover, the CPU 76 obtains and determines, based on the
cull-pulse-wave signal SM1, the pressure-pulse-wave signal
SM2, the cufl-pressure signal SC, the electrocardiogram
signal SE, the heart-sound signal SH, and the stature signal
ST, each supplied to the control device 32, a piece of
waveform-related information, such as a blood-pressure
value BP, and an augmentation index Al, and operates a
display device 79 to display the thus obtained information
and 1ndex.

FIG. 6 1s a block diagram for explaining the essential
control functions of the control device 32 of the arterioscle-

rosis mnspecting apparatus 10.

An optimum-pressing-position determining means 80
judges whether a prescribed pressing-position changing con-
dition 1s satisfied, 1.e., whether one (hereinafter, referred to
as the “highest-pressure detecting element EM™) of the
pressure-sensing clements E of the pressure-pulse-wave
sensor 54 that detects the highest pressure of the respective
pressures detected by all the elements E 1s positioned 1n one
of prescribed opposite end portions of the array of pressure-
sensing clements E. Each of the prescribed opposite end
portions of the array of elements E may be a range having
a prescribed length including a corresponding one of the
opposite ends of the array of elements E, or a range
accommodating a prescribed number of elements E 1nclud-
ing a corresponding one of the respective elements E located
at the opposite ends of the array. The highest-pressure
detecting element EM 1s one of the elements E that is
positioned right above the carotid artery 46. When this
pressing-position changing condition 1s satisfied, the
optimum-pressing-position determining means 80 carries
out the following pressing-position changing operation.
After the pressing device 62 once moves the pressure-pulse-
wave sensor 54 away from the body surface 50, the
widthwise-direction moving device 64 moves the pressing
device 62 and the sensor 54 over a prescribed distance, and
then the pressing device 62 again presses the sensor 54 with
a prescribed, considerably low first pressing force HDP1
that 1s smaller than an optimum pressing force HDPO,
described later. In this state, the determining means 80
judges again whether the prescribed pressing-position
changing condition 1s satisfied. The determining means 80
repeats carrying out the above-described operation and
judgment till the pressing-position changing condition 1s not
satisfied any longer, preferably till the highest-pressure
detecting element EM 1s positioned 1n a prescribed middle
portion of the array of elements E. The length, or element
number, employed for each of the opposite end portions of
the array of elements E 1s prescribed based on the diameter
of the artery (1.e., the carotid artery 46) to be pressed by the

pressure-pulse-wave sensor 34, and may be one fourth of the
diameter.

A pressing-force changing means 82 changes, after the
optimum-pressing-position determining means 80 positions
the pressure-pulse-wave sensor 54 at the optimum pressing
position, a pressing force HDP (i.e., a hold-down pressure)
applied by the pressing device 62 to the sensor 54, within a
prescribed pressing-force range, either stepwise 1n response
to each heartbeat of the subject or continuously at a
prescribed, considerably low rate. Based on the carotid pulse
wave wc obtained during the changing of the pressing force
HDP, the changing means 82 determines an optimum press-
ing force HDPO and maintains the pressing force applied by
the pressing device 62 to the sensor 54, at the thus deter-
mined optimum pressing force HDPO. Here, the optimum
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pressing force HDPO 1s so determined that a pulse pressure
PP of the carotid pulse wave wc detected by the highest-
pressure detecting element EM pressed by the pressing force
HDP (i.e., a difference obtained by subtracting the smallest
magnitude, from the greatest magnitude, of one heartbeat-
synchronous pulse of the carotid pulse wave wc) may not be
smaller than a predetermined lower-limit pulse pressure PP, .
The lower-limit pulse pressure PP, 1s experimentally pre-
determined as a value which assures that a clear carotid
pulse wave wc can be detected. If the pulse pressure PP 1s
too small, a clear carotid pulse wave wc cannot be obtained.

A cuif-pressure changing means 84 operates, based on the
cull-pressure signal SC supplied from the static-pressure
filter circuit 26, the pressure control valve 18 and the air
pump 24 so as to quickly increase the cull pressure PC to a
prescribed increase-target pressure (e.g., 180 mmHg) that
would be higher than a systolic blood pressure BP .. of the
patient and, subsequently, slowly decrease the culf pressure
at a rate of, e.g., 2 or 3 mmHg/sec. After a blood-pressure
determining means 86, described below, determines blood-
pressure values BP of the patient, the changing means 84
releases the cufl pressure to an atmospheric pressure.

The blood-pressure determining means 86 determines,
based on the cufl-pressure signal SC continuously supplied
from the static-pressure filter circuit 26, and the cuff-pulse-
wave signal SM1 continuously supplied from the pulse-
wave filter circuit 28, each during the slow decreasing of the
cull pressure PC under the control of the cull-pressure
changing means 84, a systolic blood pressure BP..., a mean
blood pressure BP,,~.., and a diastolic blood pressure
BP,,,, of the patient, according to well-known oscillometric
method. The thus determined systolic blood pressure BP ¢y
corresponds to a peak point of each of successive heartbeat-
synchronous pulses of the brachial pulse wave wb.
Theretore, as systolic blood pressure BP .. Increases, mag-
nitude of peak point of each heartbeat-synchronous pulse of
brachial pulse wave wb also increases. In addition, as
magnitude of peak point of each heartbeat-synchronous
pulse of brachial pulse wave wb changes, magnitude of peak
point pc of each heartbeat-synchronous pulse of carofid
pulse wave wc also changes. Thus, as systolic blood pressure
BP .. changes, magnitude of peak point pc of each
heartbeat-synchronous pulse of carotid pulse wave wc also
changes, and accordingly waveform of each heartbeat-
synchronous pulse of carotid pulse wave wc also changes.
Therefore, systolic blood pressure BP¢. ¢ 1s a sort of
waveform-related mnformation that 1s related to waveform of
a pulse wave, and the blood-pressure determining means 86
functions as a sort of wavetform-related-information obtain-
Ing means.

A heart-rate determining means 88 determines, as a pulse
period, RR (sec), a time interval between respective pre-
scribed periodic portions (e.g., respective R-waves) of two
successive heartbeat-synchronous pulses of the electrocar-
diographic pulse wave (i.e., electrocardiogram) represented
by the electrocardiogram signal SE continuously supplied
from the electrocardiograph 68, and determines a heart rate,
HR, (/minute) by multiplying the inverse of the pulse period
RR (i.e., 1/RR) by 60. Change of heart rate HR indicates
change of time 1nterval between respective rising points of
two successive heartbeat-synchronous pulses of pulse wave.
Theretore, as heart rate HR change, waveform of pulse wave
also changes. Thus, heart rate HR 1s a sort of wavelorm-
related information, and the heart-rate determining means 88
functions as a sort of waveform-related-information obtain-
Ing means.

An ¢jection-time determining means 90 iteratively and
non-invasively determines an ejection time, ET, in which
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aortic valve 1s opened and blood 1s ejected from left ventricle
of the subject. FIG. 7 schematically shows pressure 1n aorta,
pressure 1n left atrium, pressure in left ventricle,
clectrocardiogram, and electrophonogram along a common
time axis. As shown 1 FIG. 7, a time difference between
rising point, and dicrotic notch, of aortic pulse wave can be
determined as ejection time E'T. Meanwhile, since waveform
of carotid pulse wave wc 1s similar to waveform of aortic
pulse wave, carotid pulse wave wc can be used 1n place of
aortic pulse wave. Thus, a time difference between rising,
point, and dicrotic notch, of carotid pulse wave wc continu-
ously detected by the pressure-pulse-wave sensor 54 1is
determined as ejection time ET. Ejection time ET 1s a
magnitude of an incident-wave component of a pulse wave
as seen 1n a direction parallel to the time axis. Therefore, as
ejection time ET changes, waveform of the pulse wave also
changes. Thus, ejection time ET 1s a sort of wavelorm-
related information, and the ejection-time determining
means 90 functions as a sort of waveform-related-
information obtaining means.

A pre-ejection-period determining means 92 non-
invasively determines a pre-ejection period, PEP, 1.e., a time
period between start point of systolic time of the heart and
opening ol aorta, 1.e., starting of ejection of blood. For
example, first, the pre-ejection-period determining means 92
determines a time, T1, between a time when the electrocar-
diograph 68 detects a wave (Q-wave, R-wave, or S-wave)
indicative of excitation of ventricular muscle, and a time
when the heart-sound microphone 70 detects a start point of
a second heart sound II. As shown 1n FIG. 7, the thus
determined time 11 1s equal to a sum of pre-ejection period
PEP and ejection time ET. Therefore, the pre-ejection-period
determining means 92 determines the pre-ejection period
PEP by subtracting, from the time T1, the ejection time ET
determined by the ejection-time determining means 90.
Since pre-ejection period PEP 1s a time period from starting
of contraction of cardiac muscle of left ventricle to starting
of ejection of blood, it 1s also called 1sovolumetric contrac-
tion time. As pre-¢jection period PEP increases, pressure at
the time of starting of ejection of blood also 1ncreases, and
accordingly the ejection time decreases. Thus, as pre-
cjection period PEP changes, waveform of pulse wave also
changes. Therefore, pre-ejection period PEP 1s a sort of
waveform-related information, and the pre-ejection-period
determining means 92 functions as a sort of wavelorm-
related-information obtaining means.

A stature determining means 94 determines, based on the
stature signal ST supplied from the input device 72, a stature
T of the subject. A pulse wave 1s composed of an incident-
wave component and a reflected-wave component, as
described previously, and 1t 1s speculated that the reflected
wave 1s mainly produced at a bifurcated portion of a
common 1liac artery. As stature T varies, distance between
the position where the pulse wave 1s detected and the
bifurcated portion of common iliac artery also varies and
accordingly time needed for the reflected wave to reach the
position where the pulse wave 1s detected also wvaries.
Theretore, as stature T varies, amount of overlapping of the
incident-wave and reflected-wave components also varies.
Thus, stature T 1s a sort of waveform-related information,
and the stature determining means 94 functions as a sort of
wavelform-related-information obtaining means.

An augmentation-index determining means 96
determines, first, respective times of occurrence of respec-
five peak points, p1 and pr, of incident-wave and reflected-
wave components, wi and wr, which are contained 1n a
heartbeat-synchronous pulse of the carotid pulse wave wc
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continuously detected by the highest-pressure detecting ele-
ment EM of the pressure-pulse-wave sensor 54 1n the state
in which the pressing force HDP applied to the sensor 54 is
maintained at the optimum pressing force HDPO. Then, the
augmentation-index determining means 96 determines a
pressure difference AP by subtracting a magnitude of the
carotid pulse wave wc at the time of occurrence of peak
point p1 of mcident-wave component wi from a magnitude
of the carotid pulse wave wc at the time of occurrence of
peak point pr of reflected-wave component wr, and addi-
fionally determines a pulse pressure PP by subtracting the
smallest magnitude of the heartbeat-synchronous pulse of
the carotid pulse wave wc from the greatest magnitude of the
same. Moreover, the determining means 96 substitutes, for
the following Expression 1, the pressure difference AP and
the pulse pressure PP, so as to determine an augmentation

index Al:

AlI=(AP/PP)x100(%)

(Expression 1)

Here, the manner in which the time of occurrence of peak
point p1 of incident-wave component wi of the carotid pulse
wave wc 1s determined 1s described. The carotid pulse wave
wc contains the mcident-wave component wi, indicated at
broken line 1n FIG. 5, and the peak point p1 of the 1incident-
wave component wi corresponds to an inflection point or a
maximal point of the composite carotid pulse wave (i.e.,
observed pulse wave) wce that occurs between a rising point
and a peak point pc of the composite pulse wave wc. In the
example shown 1n FIG. §, the peak point p1 of the imcident
wave w1 corresponds to an inflection point of the observed
pulse wave wc. To this end, the continuously obtained
pressure-pulse-wave signal SM2 1s subjected to a common
freatment to detect an inflection point or a maximal point.
Here, the common treatment may be a differentiation treat-
ment or a filter treatment.

Generally, the time of occurrence of the peak point of the
reflected wave wr 1s a time of occurrence of the first
maximal point following the peak point p1 of the incident
wave wi. Therefore, in the case, shown 1n FIG. §, where a
peak point p1 of an incident wave w1 does not coincide with
a peak point pc of a carotid pulse wave wc, a time of
occurrence of peak point pc of the carotid pulse wave wc 1s
determined as a time of occurrence of a peak point of a
reflected wave wr. On the other hand, in the case where a
peak point p1 of an incident wave wi 1s so large that the peak
point p1 of the mncident wave wi also defines a peak point of
a carotid pulse wave wc, a time of occurrence of the first
maximal point following the peak point p1 of the incident
wave wi 1s determined as a time of occurrence of a peak
point of a reflected wave wr.

An augmentation-index displaying means 98 operates the
display device 79 to display the augmentation index Al
determined by the augmentation-index determining means
96.

A wavelorm-related-information displaying means 100
operates the display device 79 to display, together with the
augmentation index Al, the respective sorts of wavelorm-
related information obtained by the above-described plural
sorts of waveform-related-information obtaining means.
More specifically described, the waveform-related-
information displaying means 100 operates the display
device 79 to display, together with the augmentation 1index
Al, the systolic blood pressure BP,.. determined by the
blood-pressure determining means 86, the heart rate HR
determined by the heart-rate determining means 88, the
ejection time ET determined by the ejection-time determin-

ing means 90, the pre-ejection period PEP determined by the
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pre-cjection-period determining means 92, and the stature T
determined by the stature determining means 94. The dis-
playing mans 100 may operate the display device 79 to
display each sort of wavetform-related information, either in
digits or 1n graphics.

Since the display device 79 simultancously displays the
augmentation index Al and the various sorts of waveform-
related information, a medical person such as a doctor or a
nurse can simultaneously observe the augmentation index Al
and the sorts of waveform-related information. In addition,
since the augmentation index Al 1s determined based on the
waveform, the medical person can accurately evaluate arte-
riosclerosis of the subject based on the augmentation index
Al, 1f the person simultancously observe the sorts of
waveform-related information. According to the experi-
ments performed by the Inventors, there are the following
relationships between the augmentation index Al and each
of the sorts of waveform-related information: There 1s a
positive correlation between the augmentation index Al and
the systolic blood pressure BP.,.. or the ejection time ET;
and there 1s a negative correlation between the augmentation
index Al and the heart rate HR, the pre-ejection period PEP,
or the stature T. Therefore, if a measured systolic blood
pressure BP.... or a measured ejection time ET 1s higher or
longer than an average value, or 1f a measured heart rate HR,
a measured pre-ejection period PEP, or an inputted or
measured stature T 1s smaller or shorter than an average
value, an augmentation-index value Al displayed on the
display device 79 should be evaluated as a somewhat
smaller value 1n making a more accurate diagnosis on
arteriosclerosis. Conversely, 1if a measured systolic blood
pressure BP.y.. or a measured ejection time ET 1s lower or
shorter than an average value, or 1if a measured heart rate
HR, a measured pre-ejection period PEP, or an imputted or
measured stature T 1s greater or longer than an average
value, an augmentation-index value Al displayed on the
display device 79 should be evaluated as a somewhat greater
value 1n making a more accurate diagnosis on arterioscle-
rosis.

FIGS. 8 and 9 are flow charts representing the control

functions of the CPU 76, shown 1n the diagrammatic view
of FIG. 6.

In FIG. 8, first, the CPU carries out Step S1 (hereinafter,
cach term “Step(s)” is omitted). At S1, the CPU judges
whether the mput device 72 has been operated to mput a
stature T of a living subject, 1.e., whether the CPU has
received a stature signal ST from the 1nput device 72. S1 1s
repeated until a positive judgment 1s made. Meanwhile, 1f a
positive judgment 1s made at S1, the control goes to S2
corresponding to the stature determining means 94. At S2,
the CPU determines or identifies a stature T of the subject
based on the stature signal ST supplied from the input device
72.

Then, the control goes to S3 to S5 corresponding to the
optimum-pressing-position determining means 80. First, at
S3, the CPU operates the pressing device 62 to change the
pressure 1n the pressure chamber 56 and thereby change the
pressing force HDP applied to the pressure-pulse-wave
sensor 54, to a pre-set first pressing force HDP1. This first
pressing force HDP1 1s experimentally determined, in
advance, as a pressing force HDP that assures that respective
S/N ratios of respective carotid pulse waves wc detected by
the respective pressure-sensing elements E are so great as to
be able to determine respective magnitudes of respective
peak points pc of those carotid pulse waves wc.

Then, at S4, the CPU judges whether a pressing-position
updating condition (i.e., an APS starting condition) has been
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satisfied, e.g., whether one EM of the pressure-sensing
clements E provided 1n the press surface 66 of the sensor 54
that detects the highest one of the respective pressures
detected by all the elements E 1s located 1n one of prescribed
opposite end portions of the array of elements E. If a
negative judgment 1s made at S3, the control goes to S6,
described later.

On the other hand, 1f a positive judgment 1s made at S4,
1.€., 1I a current position of the pressure-pulse-wave sensor
54 relative to the carotid artery 46 1s not appropriate, the
control goes to S5 to perform an APS-controlling routine. In
this routine, the CPU operates for moving the sensor 54 to
an optimum pressing position where the highest-pressure
detecting element EM 1s located at substantially the middle
of the array of elements E. More specifically, first, the CPU
operates the pressing device 62 to once move the sensor 54
off the body surface 50, subsequently operates the
widthwise-direction moving device 64 to move the pressing,
device 62 and the sensor 54 over a predetermined distance,
and then operates the pressing device 62 to press again the
sensor 34 at the first pressing force HDPI. In this state, the
CPU judges whether the highest-pressure detecting element
EM 1s located 1n a prescribed middle range of the array of
pressure-sensing elements E. The above-described pressing,
and judging operations are repeated until a positive judg-
ment 1s made.

If at S5 the pressure-pulse-wave sensor 54 1s positioned at
the optimum pressing position, or 1f a positive judgment 1s
made at S4, the control goes to S6 to identily the highest-
pressure detecting element EM 1n the current condition, and
then to S7 corresponding to the pressing-force determining
means 82, 1.e., an HDP-controlling routine. More specifi-
cally described, the CPU operates the pressing device 62 so
that the pressing force HDP applied to the sensor 54 is
continuously increased from the first pressing force HDP1.
During this increasing of the pressing force HDP, the CPU
determines an optimum pressing force HDPO at which a
pulse pressure PP of the carotid pulse wave wc detected by
the highest-pressure detecting element EM, determined at
S6, 1s greater than a pre-set lower-limit pulse pressure PP, ,
and maintains the pressing force HDP applied to the sensor
54, at the thus determined optimum pressing force HDPO.

Then, the control goes to S8 where the CPU reads 1n the
pressure-pulse-wave signal SM2 supplied from the highest-
pressure detecting element EM of the pressure-pulse-wave
sensor 54, the electrocardiogram signal SE supplied from
the electrocardiograph 68, and the heart-sound signal SH
supplied from the heart-sound microphone 70, during a time
period between a time of detection of one R-wave repre-
sented by the signal SE and a time of detection of the next
R-wave. Thus, the CPU reads 1n one heartbeat-synchronous
pulse of each of the signal SM2, the signal SE, and the signal
SH. Then, the control goes to S9 to stop the air pump 58 and
operate the pressure control valve 60 so that the pressing
force HDP applied to the sensor 54 1s decreased to an
atmospheric pressure.

Next, the control goes to S10 to S13 corresponding to the
augmentation-index determining means 96. At S10, the CPU
subjects, to a fourth-order differentiation treatment or
analysis, a portion of the one heartbeat-synchronous pulse of
the carotid pulse wave wc, read 1n at S8, that continues from
a time corresponding to a rising point of the one pulse and
o a time corresponding to a peak point pc of the same pulse,
and thereby determines an inflection point or a maximal
point occurring to the portion between the rising point and
the peak point pc, and then determines a magnitude of the
thus determined inflection or maximal point as a magnitude
of a peak point p1 of an incident wave wi.
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Then, the control goes to S11 where the CPU determines
a time of occurrence of a peak point of a reflected wave wr
of the one pulse of the carotid pulse wave wc read 1n at S8,
and determines a magnitude of the carotid pulse wave wc at
the thus determined time of occurrence of the peak point of
the reflected wave wr. More specifically described, if the
magnitude of the peak point p1 of the incident wave wi
determined at S10 does not coincide with the greatest
magnitude of the observed carotid pulse wave wc, a mag-
nitude of the carotid pulse wave we at a time of occurrence
of the greatest magnitude of the carotid pulse wave wc 1s
determined as a magnitude of the carotid pulse wave wc at
the time of occurrence of the peak point of the reflected
wave wr; and 1f the magnitude of the peak point p1 of the
incident wave wi coincides with the greatest magnitude of
the observed carotid pulse wave wc, a magnitude of the
carotid pulse wave wc at a time of occurrence of the first
maximal magnitude following the peak point p1 of the
incident wave wi 1s determined as a magnitude of the carotid
pulse wave wc at the time of occurrence of the peak point of
the reflected wave wr.

Then, at S12, the CPU determines a pulse pressure PP of
the one pulse of the carotid pulse wave wc read at S8.
Subsequently, at S13, the CPU determines a pressure dif-
ference AP by subtracting the magnitude of the peak point pi
of the incident wave wi, determined at S10, from the
magnitude of the carotid pulse wave wc at the time of
occurrence of the peak point of the reflected wave wr,
determined at S11. The CPU substitutes, for the
augmentation-index calculating formula represented by
Expression 1, the thus determined pressure difference AP,
and the pulse pressure PP determined at S12, so as to
determine an augmentation index Al (%).

Next, there will be described S14 and the following steps
shown 1n FIG. 9. First, at S14 corresponding to the heart-rate
determining means 88, the CPU determines a pulse period
RR equal to a time interval between respective R-waves of
two successive heartbeat-synchronous pulses of the electro-
cardiogram signal SE read 1 at S8, and calculates a heart
rate HR (/minute) by multiplying the inverse (1/RR) of the
pulse period RR by 60.

Then, the control goes to S15 corresponding to the
cjection-time determining means 90. At S15, the CPU
determines a rising point and a dicrotic notch of the one
heartbeat-synchronous pulse of the carotid pulse wave wc
read 1n at S8, and determines, as an ¢jection time ET, a time
difference between respective times of occurrence of the
rising point and the dicrotic notch.

Subsequently, the control goes to S16 corresponding to
the pre-ejection-period determining means 92. At S16, the
CPU determines a start point of a second heart sound II of
the heart-sound waveform (i.e., phonocardiogram) read in at
S8, determines a time period T1 from a time of occurrence
of an R-wave of the electrocardiogram to a time of occur-
rence of the start point of the second heart sound II, and
finally determines a pre-ejection period PEP by subtracting,
from the time period T1, the ejection time ET determined at
S15.

Then, the control goes to S17 to S22 to measure blood-
pressure values BP of the subject. First, at S17, the CPU
starts the air pump 24 and operate the pressure control valve
18 so as to start quickly increasing the cuff pressure PC.
Subsequently, at S18, the CPU judges whether the cuil
pressure PC has exceeded an increase-target pressure PC,,
pre-set at 180 mmHg. S18 1s repeated until a positive
judgment 1s made, while the cufl pressure PC 1s quickly
increased. Meanwhile, 1f a positive judgment 1s made at S18,
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the control goes to S19 to stop the air pump 24 and operate
the pressure control valve 18 so as to start slowly decreasing
the cufl pressure PC at a rate of about 3 mmHg/sec.

Next, the control goes to S20 and S21 corresponding to
the blood-pressure determining means 86. At S20, the CPU
determines, based on change of respective amplitudes of
successive heartbeat-synchronous pulses of the upper-arm
pulse wave represented by the culf-pulse-wave signal SM1
continuously obtained during the slow decreasing of the cuft
pressure PC, a systolic blood pressure BPy.., a mean blood
pressure BP,, ., and a diastolic blood pressure BP,,, of
the subject, according to well-known oscillometric blood-
pressure determining algorithm. Then, at S21, the CPU
judges whether the determination of the blood-pressure
values BP has completed at S20. Since the diastolic blood
pressure BP,,,, 1s last determined at S20, the CPU judges, at
S21, whether the diastolic blood pressure BP,,,, has been
determined. S20 1s repeated until a positive judgment 1s
made at S21, while the blood-pressure determining algo-
rithm 1s continued.

Meanwhile, if a positive judgment 1s made at S21, the
control goes to S22 to operate the pressure control valve 18
to decrease the cufl pressure PC to an atmospheric pressure.
In the present flow charts, S17 to S19 and S22 correspond
to the cuff-pressure changing means 84.

Next, the control goes to S23 corresponding to the
augmentation-index displaying means 98. At S23, the CPU
operates the display device 79 to display the augmentation
index Al determined at S13, at a prescribed position on a
screen of the display 79. Subsequently, the control goes to
S24 corresponding to the waveform-related-information dis-
playing means 100. At S24, the CPU operates the display
device 79 to display respective graphical representations of
the stature T determined at S2, the heart rate HR determined
at S14, the ejection time ET determined at S15, and the
systolic blood pressure BP¢y.. determined at S20. FIG. 10
shows a radar chart (i.e., a pentagonal graph) that is dis-
played by the displayed device 79 at S23 and S24. The
augmentation index Al 1s displayed at the center of the radar
chart.

In the embodiment employing the above-described flow
charts, the control device 32 determines, at S2, S14, S135,
S16, and S20 (the waveform-related-information obtaining
means), the stature T, the heart rate HR, the ¢jection time ET,
the pre-ejection period PEP, and the systolic blood pressure
BP,.. each of which 1s related to change of the shape or
waveform of the carotid pulse wave wc. In addition, the
control device operates, at S24 (the waveform-related-
information displaying means 100), the display device 79 to
display, 1n addition to the augmentation index Al, the stature
T, the heart rate HR, the ejection time ET, the pre-ejection
period PEP, and the systolic blood pressure BP¢y... Thus,
when a medical person mspects arteriosclerosis of the sub-
ject based on the augmentation mdex Al, the person can
additionally take into account the stature T, the heart rate
HR, the ejection time ET, the pre-ejection period PEP, and
the systolic blood pressure BP .. of the subject. Thus, the
person can make a more accurate diagnosis on the arterio-
sclerosis based on the augmentation 1index Al.

Additionally, in the embodiment employing the above-
described flow charts, the control device 32 operates, at S24
(the waveform-related-information displaying means 100),
the display device 79 to display, in addition to the augmen-
tation index Al, the stature T, the heart rate HR, the ejection
time ET, the pre-ejection period PEP, and the systolic blood
pressure BP .. 1n the single radar chart. Thus, the medical
person can easily recognize, at a glance, all of the stature T,
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the heart rate HR, the ejection time ET, the pre-ejection
period PEP, and the systolic blood pressure BP ...

Hereinafter, there will be described another embodiment
of the present invention. The same reference numerals as
used 1n the above-described, first embodiment are used to
designate the corresponding elements of the present, second
embodiment, and the description thereof 1s omitted.

The second embodiment relates to a different arterioscle-
rosis 1nspecting apparatus than the apparatus 10 shown 1n
FIG. 1, and FIG. 11 1s a block diagram for explaining
essential control functions of an electronic control device 32
of the present, second apparatus. The second apparatus
differs from the first apparatus 10 only with respect to the
control functions of the control device 32 of the second
apparatus. The control functions of the control device 32 of
the second apparatus differs from those of the control device
32 of the first apparatus, 1n that the former control functions
employ a corrected-augmentation-index determining means
102 1n place of the augmentation-index displaying means 98
and the waveform-related-information displaying means
100 of the latter control functions. Accordingly, the
corrected-augmentation-index determining means 102 will
be described below.

The corrected-augmentation-index determining means
102 corrects the augmentation index Al determined by the
augmentation-index determining means 96, into a corrected
augmentation index Al' that would be determined by the
means 96 if the systolic blood pressure BPy.. determined by
the blood-pressure determining means 86, the heart rate HR
determined by the heart-rate determining means 88, the
ejection time E'T determined by the ejection-time determin-
ing means 90, the pre-ejection period PEP determined by the
pre-cjection-period determining means 92, and the stature T
determined by the stature determining means 94 are would
be equal to respective pre-set standard values. The blood-
pressure determining means 86, the heart-rate determining
means 88, the e¢jection-time determining means 90, the
pre-ejection-period determining means 92, and the stature
determining means 94 are each a sort of wavelform-related-
information obtaining means. A manner in which the
corrected-augmentation-index determining means 102
determines the corrected augmentation index AI' will be

described 1n detail by reference to the flow chart shown in
FIG. 12.

The flow chart of FIG. 12 includes 22 steps, not shown,
that are 1dentical with S1 to S22 shown 1n FIGS. 8 and 9, and
employs SS23 and SS24 1n place of S23 and $24 shown 1n
FIG. 9. At SS23, the control device 32 or the CPU 76
determines a difference between each of the stature T
determined at S2, the heart rate HR determined at S14, the
cjection time ET determined at S15, the pre-ejection period
PEP determined at S16, and the systolic blood pressure
BP .. determined at S20 and a corresponding one of respec-
tive standard values that are experimentally determined, 1n
advance. More speciiically described, the CPU determines a
stature difference AT by subtracting, from the stature T
determined at S2, the standard value determined 1n advance
for stature T, and likew1se determines a heart-rate difference
AHR, an ejection-time difference AET, a pre-ejection- perlod

difference APEP, and a systolic-blood-pressure difference
ABPL..... Then, at SS24, the CPU substitutes the augmen-

tation index Al determined at S13, and the stature difference
AT, the heart-rate difference AHR, the ejection-time ditfer-
ence AET, the pre-ejection-period difference APEP, and the
systolic-blood-pressure difference ABPL .., determined at
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SS23, for the following Expression 2 representing a
corrected-augmentation-index determining formula, so as to
determine a corrected augmentation mdex Al';

Al' = Al + aAT + bAHR + cAET + dAPEP + ¢eABPLgys  (Expression 2)

where a, b, ¢, d, and ¢ are constants that are experimentally
determined 1n advance.

The corrected-augmentation-index determining formula
represented by Expression 2 corrects the augmentation index
Al 1nto the corrected augmentation mndex Al', such that the
orcater the difference between the actually obtained
waveform-related mnformation, such as the actually deter-
mined stature T, and the standard value pre-determined for
the waveform-related information 1s, the greater the ditfer-
ence between the augmentation index Al and the corrected
augmentation index Al' 1s. Thus, the corrected augmentation
index Al' determined according to Expression 2 1s equal to
an augmentation index Al that would be determined when
the waveform-related information would be equal to the
standard value.

In the embodiment employing the above-described flow
chart of FIG. 12, the control device 32 corrects, at SS23 and
SS24 (the corrected-augmentation-index determining means
102), the augmentation index Al into the corrected augmen-
tation index Al' that would be determined if the waveform-
related 1information would be equal to the pre-set standard
value. Therefore, based on the corrected augmentation index
Al', arteriosclerosis can be inspected with 1improved accu-
racy.

While the present invention has been described in 1its

preferred embodiment by reference to the drawings, 1t 1s to
be understood that the invention may otherwise be embod-
1ed.

For example, 1n the 1llustrated arteriosclerosis mspecting,
apparatus 10, the pressure-pulse-wave detecting probe 36
for detecting the carotid pulse wave wc 1s employed as the
pulse-wave detecting device. However, the pulse-wave
detecting device may be one which detects a pulse wave
from a different portion than the neck portion 38; such as an
upper arm, a wrist, a femoral portion, or an ankle of the
subject.

In addition, in the illustrated arteriosclerosis inspecting
apparatus 10, the five sorts of wavetform-related information,
1.€., the stature T, the heart rate HR, the ejection time ET, the
pre-ejection period PEP, and the systolic blood pressure
BP,.. are determined. However, the number of the sorts of
waveform-related information 1s not limited to that number.
For example, 1t 1s possible to obtain only a single sort of
waveform-related mnformation.

Generally, the denominator of the augmentation-index
calculating formula (Expression 1) used to determine the
augmentation index Al 1s the pulse pressure PP. However,
the pulse pressure PP of Expression 1 may be replaced with
the amplitude (i.e., the magnitude) of the carotid pulse wave
wc at the time of occurrence of the peak point of the
incident-wave component thereof, because the formula
employing the amplitude as the denominator indicates arte-
riosclerosis.

The corrected-augmentation-index calculating formula
represented by Expression 2 may be replaced with that
represented by the following Expression 3 for use 1n calcu-
lating a corrected augmentation index Al';
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AP = (Expression 3)

(l + ﬂlﬂ.T + blﬁHR + ClﬁET + dlﬁPEP+ ElﬁBPLS}fS) X

Al

where a,, b,, ¢, d,, and ¢, are constants that are experi-

mentally determined 1n advance.

The present invention may be embodied with other vari-
ous changes without departing from the spirit of the 1nven-
tion.

What 1s claimed 1s:

1. An apparatus for 1nspecting arteriosclerosis of a living
subject, comprising:

a pulse-wave detecting device which detects a pulse wave

from a portion of the subject;

an augmentation-index determining means for
determining, based on the pulse wave detected by the
pulse-wave detecting device, an augmentation index
indicating a proportion of a reflected-wave component
of the pulse wave to an incident-wave component
thereof, so that the arteriosclerosis of the subject is
inspected based on the augmentation 1ndex determined
by the augmentation-index determining means;

at least one wavelorm-related-information obtaining
device which obtains at least one sort of wavelform-
related information that 1s related to a change of a
waveform of the pulse wave detected by the pulse-
wave detecting device;

a display device;
an augmentation-index displaying means for operating
the display device to display the augmentation index

determined by the augmentation-index determining
means; and

a wavelorm-related-information displaying means for
operating the display device to display, 1n addition to
the augmentation 1ndex, the waveform-related infor-
mation obtained by the waveform-related-information
obtaining device.

2. An apparatus according to claim 1, comprising a
plurality of wavetorm-related-information obtaining devices
which obtain a plurality of sorts of waveform-related
information, respectively, each of which 1s related to the
change of the waveform of the pulse wave detected by the
pulse-wave detecting device, wherein the waveform-related-
information displaying means operates the display device to
display, in addition to the augmentation index, the plurality
of sorts of wavetform-related information obtained by the
plurality of waveform-related-information obtaining
devices.

3. An apparatus according to claim 1, wherein the
waveform-related-information obtaining device obtains, as
the waveform-related imnformation, at least one of a systolic
blood pressure, a heart rate, an ejection time, a pre-ejection
period, and a stature of the subject.

4. An apparatus according to claim 2, wherein the
waveform-related-information displaying means operates
the display device to display, 1n addition to the augmentation
index, a multidimensional graphical representation of the
plurality of sorts of waveform-related information obtained
by the plurality of waveform-related-information obtaining,
devices.

5. An apparatus according to claim 2, wherein the plu-
rality of waveform-related-information obtaining devices
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obtain, as the plurality of sorts of waveform-related
information, at least two parameters of a systolic blood
pressure, a heart rate, an ejection time, a pre-ejection period,
and a stature of the subject.

6. An apparatus according to claim 4, wherein the plu-
rality of waveform-related-information obtaining devices
obtain, as the plurality of sorts of waveform-related
information, at least three parameters of a systolic blood
pressure, a heart rate, an ejection time, a pre-ejection period,
and a stature of the subject, and wherein the waveform-
related-information displaying means operates the display
device to display, 1in addition to the augmentation index, a
radar chart having at least three axes indicative of said at
least three parameters, respectively.

7. An apparatus for 1nspecting arteriosclerosis of a living,
subject, comprising;

a pulse-wave detecting device which detects a pulse wave

from a portion of the subject;

an augmentation-index determining means {for
determining, based on the pulse wave detected by the
pulse-wave detecting device, an augmentation index
indicating a proportion of a reflected-wave component
of the pulse wave to an 1ncident-wave component
thereof;
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at least one wavelorm-related-information obtaining
device which obtains at least one sort of wavelorm-
related information that 1s related to a change of a
waveform of the pulse wave detected by the pulse-
wave detecting device; and

a corrected-augmentation-index determining means for
correcting, based on the waveform-related information
obtained by the waveform-related-information obtain-
ing device, the augmentation index into a corrected
augmentation index which 1s determined by the
augmentation-index determining means when the
wavelorm-related i1nformation obtained by the
waveform-related-information obtaining device 1s
equal to a pre-set standard value, so that the arterio-
sclerosis of the subject 1s inspected based on the
corrected augmentation index determined by the
corrected-augmentation-index determining means.

8. An apparatus according to claim 7, further comprising

a display device which displays the corrected augmentation

index determined by the corrected-augmentation-index

20 determining means, so that the arteriosclerosis of the subject

1s 1nspected based on the corrected augmentation index
displayed by the display device.
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